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PROMOTER SEQUENCES FOR CORTICOTROPIN 
RELEASING-F ACTOR BINDING PROTEIN AND USE THEREOF 



CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application claims the benefit of U.S. provisional application Serial Number 
60/415,586, filed on October 2, 2002. 

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 
[0002] This invention was made with United States government support awarded by the 
following agency: NIH MH40855. The United States has certain rights in this invention. 

BACKGROUND OF THE INVENTION 
[0003] I n modern society stress and its consequences are prevalent and result in considerable 
distress and alterations in physical health and social and occupational functioning. At its 
extreme, stress can lead to disabling neuropsychiatry problems which include depression, 
anxiety disorders, post-traumatic stress disorder and other illnesses (Mitchell, 1998; Arborelius et 
al., 1999). Recent studies demonstrate the potent effects of stress on the body and brain. For 
example, chronic and intense stress can result in alterations in the region of the brain that plays 
an important role in memory (McGaugh and Roozendaal, 2002). In addition, stress can 
negatively impact cardiovascular function, immune function and gastrointestinal physiology 
(Tache et al., 2001; Beglinger and Degen, 2002; Coste et al., 2002; Gasparotto et al., 2002; 
Vanitallie, 2002). 

[0004] I* is estimated that 10% of the population suffers from depression and another 15% 
from clinically significant anxiety. This high incidence of stress-related problems is reflected by 
the fact that approximately 50% of visits to primary care doctors are stress and/or 
psychologically related. 

[0005] Current treatments for stress and its disorders are highly sought after and include the 
traditional anti-anxiety drugs like Valium and Xanax. More recently newer antidepressants like 
Prozac have been used to treat depression, anxiety and other stress related problems. It is 
estimated that $13 billion was spent last year in the U.S. on drugs like Prozac and Paxil. 
However, these treatments still suffer from lack of efficacy in approximately 30% of the 
individuals treated. Among those who do respond, only about 50% of them will return to normal 
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function. In addition, these treatments have bothersome side-effects (50% have marked sexual 
dysfunction) which make treatment with these drugs unacceptable for many individuals. Since 
depression and anxiety are recurrent and chronic disorders it is important that patients are 
comfortable taking their medication over a long period of time. Overactivity of the corticotropin- 
releasing factor (CRF) system is implicated in depression and anxiety and treatments aimed at 
this system may be very effective (Reul and Holsboer, 2002). 

[0006] Studies in animals demonstrate that antagonism of the CRF system blocks the distress 
and physical effects related to stress (Takahashi et al., 2001; Bakshi et al., 2002). Studies in 
humans show that the CRF system in the brain is overactive in patients with depression, anxiety 
disorders and other neuropsychiatry problems (Nemeroff, 1989; Chappell et al., 1996; Fossey et 
al., 1996; Bremner et al., 1997; Mitchell, 1998; Baker et al., 1999). In addition, human and 
animal studies demonstrate that many effective antidepressant treatments decrease brain CRF 
activity (Veith et al., 1993). Based on these findings the pharmaceutical industry is currently 
intensively searching for orally administered compounds that will block or reduce the effects of 
CRF in the brain. Already some compounds have been identified and are in the early stages of 
human studies (Zobel et al., 2000). 

[0007] The CRF system is now known to consist of at least seven components. CRF is a 
neurotransmitter that is released from neurons and has its effects by interacting with CRF 
receptors located on adjacent brain cells. Urocortin (UCN), urocortin II (UCN II) and urocortin 
III (UCN III) are other neurotransmitters similar to CRF that also interact with the system 
(Vaughan et al., 1995; Lewis et al., 2001; Reyes et al., 2001). Once stimulated the receptors 
activate intracellular processes which mediate the stress effects. 

[0008] CRF produces its effects by interacting with two different receptors termed CRF1 and 
CRF2 (Chen et al., 1993; Perrin et al., 1995). Multiple isoforms of the two receptors exist. For 
example, there are three different isoforms of the CRF2 receptor, termed "CRF2a," "CRF2P" and 
"CRF2y" (Lovenberg et al., 1995; Kostich et al., 1998). In addition to CRF1 and CRF2 
receptors, there also exists a protein, termed "CRF binding protein" (CRF-BP), that is found in 
brain cells and functions to inactivate CRF after it is released (Potter et al., 1991). 
[0009] The CRF-BP is a 37 kDa protein that binds CRF and urocortin peptides with an 
affinity similar to the CRF receptors (Behan, et al., 1995). CRF-BP is thought to limit the effects 
of CRF on CRF receptors. For example, CRF-BP blunts the effects of CRF on ACTH release 
from the pituitary and placental cells in vitro (Linton, et al., 1990). In addition, approximately 
60-95% of CRF is complexed by CRF-BP in most regions of the normal human brain (Behan, et 
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al., 1997). In order to regulate the expression of CRF-BP, through which the activity of CRF and 
urocortin peptides can be regulated, it is important to understand how the CRF-BP promoter 
region works. However, no sequence information on CRF-BP promoter is currently available. 

SUMMARY OF THE INVENTION 
[00010] The present invention relates to the determination of the nucleotide sequence of the 
human CRF-BP promoter and various fragments thereof. In one aspect, the present invention 
relates to an isolated nucleic acid containing a human CRF-BP promoter sequence selected from 
the 4917 bp upstream of the transcription start point (TSP) (nucleotides 1 to 4917 of SEQ ID 
NO:l), a functional fragment thereof, or a complement of any of the foregoing. Examples of 
fragments that can drive transcription over background level include but are not limited to the 
4402 bp upstream of the TSP (nucleotides 516 to 4917 of SEQ ID NO:l), the 3317 bp upstream 
of the TSP (nucleotides 1601 to 4917 of SEQ ID NO:l), the 2971 bp upstream of the TSP 
(nucleotides 1947 to 4917 of SEQ ID NO:l), the 2415 bp upstream of the TSP (nucleotides 2503 
to 4917 of SEQ ID NO:l), the 1889 bp upstream of the TSP (nucleotides 3029 to 4917 of SEQ 
ID NO:l), the 1386 bp upstream of the TSP (nucleotides 3532 to 4917 of SEQ ID NO:l), the 955 
bp upstream of the TSP (nucleotides 3963 to 4917 of SEQ ID NO: 1), the 381 bp upstream of the 
TSP (nucleotides 4537 to 4917 of SEQ ID NO:l), the 271 bp upstream of the TSP (nucleotides 
4647 to 4917 of SEQ ID NO:l), the 208 bp upstream of the TSP (nucleotides 4710 to 4917 of 
SEQ ID NO:l), and the 91 bp upstream of the TSP (nucleotides 4827 to 4917 of SEQ ID NO:l). 
Other functional fragments can be readily determined by a skilled artisan. The term "human 
CRF-BP promoter sequence" is used broadly to encompass any of the sequences or fragments 
described above. 

[00011] In another aspect, the present invention relates to a nucleic acid that contains a human 
CRF-BP promoter sequence and a heterologous reporter gene operably linked to the sequence. 
The nucleic acid can be an expression vector and can be provided in a host cell. 
[00012] Other aspects of the invention relate to methods of screening for agents that may alter 
the activity of human CRF-BP promoter, methods of determining whether a fragment of the 
human CRF-BP promoter can drive transcription under specific conditions, methods of 
determining which region of the human CRF-BP promoter interacts with an agent that is known 
to alter the activity of the promoter, and methods of screening for agents that can affect the 
modulation of the human CRF-BP promoter activity by cAMP level. 
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[00013] An agent identified by the method of the present invention may be used to treat 
various psychopathologies, including but not limited to depression, generalized anxiety, social 
anxiety, post traumatic stress and panic disorder. Additionally, an agent identified may also be 
useful in the treatment of other illnesses associated with stress such as irritable bowel syndrome 
and heart disease. 

[00014] Besides controlling how much CRF-BP is expressed, the promoter region of the 
human CRF-BP gene is also responsible for determining where in the body and when during 
development CRF-BP is expressed. Thus, fragments of the human CRF-BP promoter region 
disclosed herein can be used to identify those elements that are important for tissue and 
development stage specific expression by conducting experiments in cells from specific tissues 
and development stages. Once these elements are identified, agents that can alter tissue and 
development stage specific expression can be identified. These agents may be advantageous in 
treating stress-related problems over prior art treatment strategies because the agents target CRF- 
BP expression in specific regions that are most important in an illness. Thus side effects seen in 
prior art receptor antagonists treatment due to indiscriminate inhibition of the receptor activity 
throughout the brain and body can be avoided. For example, the locus coeruleus is located deep 
in the brain and is thought to be pivotal in mediating the effects of CRF and related peptides in 
depression and anxiety. Drugs that specifically target CRF-BP in the locus coeruleus will leave 
other sites (cortex, brain stem, heart, and hypothalamus) unaffected. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 
[00015] Fig. 1 shows the CRF-BP promoter region. The arrow identifies the putative TSP 
which corresponds to position +1 . The numbering in the right hand margin is relative to this 
putative TSP. 

[00016] Fig. 2 shows basal levels of expression from CRF-BP promoter fragments in CHO-K1 
culture. 

[00017] Fig. 3 shows forskolin-induced expression from CRF-BP promoter fragments in 
CHO-K1 culture. 

DETAILED DESCRIPTION OF THE INVENTION 
[00018] The term "isolated nucleic acid" used herein means a nucleic acid isolated from its 
natural environment or prepared using synthetic methods such as those known to one of ordinary 
skill in the art. Complete purification is not required in either case. The nucleic acids of the 
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invention can be isolated and purified from normally associated material in conventional ways 
such that in the purified preparation the nucleic acid is the predominant species in the 
preparation. At the very least, the degree of purification is such that the extraneous material in 
the preparation does not interfere with use of the nucleic acid of the invention in the manner 
disclosed herein. The nucleic acid is preferably at least about 85% pure, more preferably at least 
about 95% pure and most preferably at least about 99% pure. 

[00019] Further, an isolated nucleic acid has a structure that is not identical to that of any 
naturally occurring nucleic acid or to that of any fragment of a naturally occurring genomic 
nucleic acid spanning more than three separate genes. An isolated nucleic acid also includes, 
without limitation, (a) a nucleic acid having a sequence of a naturally occurring genomic or 
extrachromosomal nucleic acid molecule but which is not flanked by the coding sequences that 
flank the sequence in its natural position; (b) a nucleic acid incorporated into a vector or into a 
prokaryote or eukaryote genome such that the resulting molecule is not identical to any naturally 
occurring vector or genomic DNA; (c) a separate molecule such as a cDNA, a genomic fragment, 
a fragment produced by polymerase chain reaction (PCR), or a restriction fragment; and (d) a 
recombinant nucleotide sequence that is part of a hybrid gene, i.e., a gene encoding a fusion 
protein. Specifically excluded from this definition are nucleic acids present in mixtures of 
clones, e.g., as these occur in a DNA library such as a cDNA or genomic DNA library. An 
isolated nucleic acid can be modified or unmodified DNA or RNA, whether fully or partially 
single-stranded or double-stranded or even triple-stranded. A nucleic acid can be chemically or 
enzymatically modified and can include so-called non-standard bases such as inosine. 
[00020] We have cloned the promoter region of the human CRF-BP gene. Various fragments 
of the promoter region have been generated and tested for promoter activity in cultured cells. 
Sequences and activities of various sequences are shown in the Example below. Further, we 
have shown that the activity of the human CRF-BP promoter can be regulated by cAMP. 
[00021] In one aspect, the present invention relates to an isolated nucleic acid containing a 
human CRF-BP promoter sequence selected from the 4917 bp upstream of the TSP (nucleotides 
1 to 4917 of SEQ ID NO:l), a functional fragment thereof, or a complement of any of the 
forgoing. By "a functional fragment," we mean that the fragment contains at least one activator 
or repressor for gene expression under specific conditions. An activator functions to drive gene 
expression to above a background level and a repressor functions to bring the expression back 
toward the background level. If both activators and repressors are present, the actual expression 
level will be determined by the combined effects of the activators and repressors. The 
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background level is defined as the expression level in the absence of any promoter sequence or in 
the presence of an unrelated nucleotide sequence. It should be noted that all functional fragments 
described above are useful in the screening method and other methods provided below. It is not 
required that the functional fragment drives the expression to above a background level. It is 
only necessary that perturbation of the fragment's function can be measured. Fragments that can 
increase downstream gene expression to above the background level include but are not limited 
to the 4402 bp upstream of the TSP (nucleotides 516 to 4917 of SEQ ID NO:l), the 3317 bp 
upstream of the TSP (nucleotides 1601 to 4917 of SEQ ID NO:l), the 2971 bp upstream of the 
TSP (nucleotides 1947 to 4917 of SEQ ID NO:l), the 2415 bp upstream of the TSP (nucleotides 
2503 to 4917 of SEQ ID NO:l), the 1889 bp upstream of the TSP (nucleotides 3029 to 4917 of 
SEQ ID NO:l), the 1386 bp upstream of the TSP (nucleotides 3532 to 4917 of SEQ ID NO:l), 
the 955 bp upstream of the TSP (nucleotides 3963 to 4917 of SEQ ID NO:l), the 381 bp 
upstream of the TSP (nucleotides 4537 to 4917 of SEQ ID NO:l), the 271 bp upstream of the 
TSP (nucleotides 4647 to 4917 of SEQ ID NO:l), the 208 bp upstream of the TSP (nucleotides 
4710 to 4917 of SEQ ID NO:l), and the 91 bp upstream of the TSP (nucleotides 4827 to 4917 of 
SEQ ID NO:l). Other functional fragments can be readily determined by a skilled artisan using 
known techniques such as that described in the Example below. 

[00022] The term "human CRF-BP promoter sequence" is used broadly to encompass any of 
the sequences or fragments described above. Preferably, a human CRF-BP promoter sequence 
contains at least 50 bp upstream from the TSP (nucleotides 4868 to 4917 of SEQ ID NO:l). A 
human CRF-BP promoter sequence may be attached to contiguous regions of the sequence in 
SEQ ID NO:l or may be attached to other sequences as long as the other sequences do not 
abolish the function of the promoter sequence. We specifically envision that one may wish to 
test fragments in which naturally-occurring sections of the sequence of SEQ ID NO:l have been 
replaced by "spacer DNA," or non-naturally occurring sequences. We also specifically envision 
that one may wish to test versions of the sequence of SEQ ID NO: 1 in which sections have been 
deleted. These constructs, as long as they comprise the first 50 nucleotides of the promoter, are 
"promoter sequences" of the present invention. 

[00023] One of skill in the art could make innocuous substitutions in a sequence of the present 
invention and create a functionally identical promoter. We envision that such substitutions 
would not comprise more that 5% of the total sequence and would not result in a substantial 
change of promoter activity, as measured below. 
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[00024] In another aspect, the present invention relates to a nucleic acid, which can but does 
not have to be an expression vector, that contains a human CRF-BP promoter sequence as 
described above and a heterologous reporter gene operably linked to the sequence. Such a 
nucleic acid is useful in many of the methods described below, which involve the determination 
of the promoter activity of a promoter sequence. The term "reporter gene" is defined here to 
encompass any polynucleotide the transcription of which under the control of a promoter 
sequence, the subsequent translation thereof, or both can be readily detected by a skilled artisan. 
Thus, the reporter gene does not have to encode a full length protein. In some instances, the 
reporter gene can even be an oligonucleotide. In one embodiment, the reporter gene is a 
polynucleotide that encodes a protein with a detectable activity. 

[00025] In another aspect, the present invention relates to a cultured cell that contains a 
nucleic acid described above. In one embodiment, the cell is a primary cultured cell such as a 
primary cultured central nervous system cell. In another embodiment, the cell is a cell of an 
immortalized cell line. 

[00026] In another aspect, the present invention relates to a method for screening for an agent 
that can alter the human CRF-BP promoter activity, which is envisioned to have significant 
therapeutic potential in the treatment of various psychopathologies. The method first involves 
providing a nucleic acid that contains a human CRF-BP promoter sequence described above that 
is operably linked to a reporter gene. The nucleic acid is next exposed to conditions suitable for 
the promoter sequence to drive the transcription of the reporter gene. Two groups of nucleic 
acids can be set up here. In one group, the expression of the reporter gene is measured in the 
presence of a test agent. In the other group (control group), the expression is measured in the 
absence of the test agent. The expression of the reporter gene in both groups can then be 
compared. A higher or lower expression in the test agent group than in the control group 
indicates that the agent may alter human CRF-BP promoter activity. 

[00027] A skilled artisan is familiar with the assay systems that can be used for measuring the 
expression of a reporter under the control of a promoter sequence and the present invention is not 
limited to any particular assay systems. In the Example described below, an expression vector 
containing a human CRF-BP promoter sequence and a luciferase reporter gene was introduced 
into CHO-K1 cells and the expression of the reporter gene was measured by the luciferase 
activity. It is understood that other cells and reporter genes can also be used. Furthermore, the 
expression of the reporter gene can also be measured at the mRNA level or at the protein level 
with a method other than assaying the enzyme activity. For example, the amount of a reporter 
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gene product can be measured by the use of an antibody specific for the product using an ELIS A 
assay. 

[00028] As another example, a cell-free transcription assay or transcription-translation assay 
can be used to measure the expression of a reporter gene. When a transcription assay is used, the 
expression of the reporter gene can be determined at the mRNA level. When a transcription- 
translation assay is used, the expression of the reporter gene can be measured at the mRNA level, 
the protein or peptide level, or both. 

[00029] The suitable conditions for different human CRF-BP promoter sequences to drive 
transcription may be different. For example, a particular human CRF-BP promoter sequence 
may drive transcription more effectively in one cell type than in another. For a particular human 
CRF-BP promoter sequence, suitable transcription conditions, if not already known, can be 
readily determined by a skilled artisan. 

[00030] In another aspect, the present invention relates to a method for determining whether a 
fragment of the 4917 bp upstream of the TSP of the human CRF-BP promoter region is 
functional under a set of conditions of interest (e.g., in a specific cell type). The method involves 
providing a nucleic acid that contains the fragment and a heterologous reporter gene operably 
linked to the fragment, subjecting the nucleic acid to the set of conditions of interest, measuring 
the expression level of the reporter gene, and comparing the expression level to a suitable control 
wherein a higher or lower than control expression level indicates that the fragment is functional. 
Suitable controls can be readily determined by a skilled artisan. An isolated nucleic acid that 
contains a functional fragment identified, a nucleic acid that contains the functional fragment 
operably linked to a heterologous reporter gene, and a host cell that contains the nucleic acid with 
the functional fragment and the reporter gene are also within the scope of the present invention. 
Also within the scope of the present invention is a method of using the functional fragment 
identified to screen for agents that may alter the activity of human CRF-BP promoter as 
described above. 

[00031] In another aspect, the present invention relates to a method of determining which 
region of the human CRF-BP promoter interacts with an agent known to alter the activity of the 
promoter. The method first involves providing multiple groups of nucleic acids in which a 
reporter gene is operably linked to a fragment of the 4917 bp upstream of the TSP of the human 
CRF-BP promoter and wherein the nucleic acids of the same group contain the same fragment 
and the nucleic acids in different groups contain different fragments. The nucleic acids are next 
subjected to conditions suitable for the fragments to drive the transcription of the reporter gene. 
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The expression of the reporter gene in the absence and presence of the agent is then measured 
and compared, and the effects of the agent on the promoter activity of different fragments are 
determined. Finally, the effects of the agent on the promoter activity of different fragments are 
compared and the region of the human CRF-BP promoter that interacts with the agent can be 
identified. 

[00032] In another aspect, the present invention relates to a method for screening for an agent 
that can affect the modulation of human CRF-BP promoter activity by cellular cAMP level. The 
method involves providing a host cell that contains a human CRF-BP promoter sequence and a 
reporter gene operably linked to the promoter sequence wherein the expression of the reporter 
gene controlled by the promoter sequence can be modulated by cellular cAMP level, changing 
the cellular cAMP level, exposing the cell to a test agent, determining the expression level of the 
reporter gene, and comparing the expression level to that of a control cell that is not exposed to 
the test agent wherein a higher or lower than control expression indicates that the test agent can 
affect the modulation of the human CRF-BP promoter activity by cAMP level. 
[00033] In the Example below, three CRF-BP promoter sequences were tested and the 
activities of all three were shown to be regulated by cellular cAMP level. It is expected that the 
promoter activities of all fragments described in the Example below can be regulated by cAMP 
and thus suitable for the method. Other such fragments can be readily identified by a skilled 
artisan using known techniques such as that used in the Example. Methods and agents that can 
be used to change the cellular cAMP level are known to a skilled artisan. In the Example below, 
forskolin and IBMX were used to increase the cAMP level. Other methods of changing the 
cellular cAMP level can also be used. 



EXAMPLE 

Human CRF-BP promoter 

[00034] The human CRF-BP promoter was obtained by screening a human placental genomic 
library constructed in Lambda FIX® II obtained from Stratagene (La Jolla, CA). The library was 
probed with a 32 P-labelled fragment of the human CRF-BP cDNA (Sambrook, et al., 1989), 
which corresponded to bases 561 to 1 1 10 of the cDNA (GenBank accession # XM_003672; 
Potter, et al., 1991). Five positive clones were plaque-purified and directly sequenced using a 
primer located in exon 1 near the boundary with the promoter region. This sequencing revealed 
that at least three of the clones contained promoter sequence. One of these clones was used as 
template for PCR. A 5.5 kb fragment corresponding to the promoter region was amplified by 
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PCR from this genomic clone. The fragment was then subcloned into pCR2.1 TOPO using the 
T/A cloning kit (InVitrogen, Carlsbad, CA). The 5.5 kb insert was next cut out of pCR2.1 TOPO 
with Spe I and Xho I and subcloned into pGL3-basic that had been digested with Nhe I and Xho I. 
[00035] To generate a series of fragments of the promoter, we used a common reverse (3') 
primer that ended 84 bp downstream of the putative transcription start point (TSP), we generated 
sequentially smaller fragments of the CRF-BP promoter region through PCR with several 
forward (5') primers. The constructs generated were from -4917, -4402, -3317, -2971, -2415, - 
1889, -1386, -955, -381, -271, -208, and -91 bp relative to the TSP through +84 bp (referred to as 
the -4917, -4402, -3317, -2971, -2415, -1889, -1386, -955, -381, -271, -208, and -91 bp 
constructs, respectively). These PCR products were subcloned using T/A cloning into the vector 
pCR2.1 TOPO (Invitrogen Life Technologies, Carlsbad, CA). The inserts were then removed by 
digestion with Spe I and EcoR V and subcloned into pGL3-basic that had been digested with Nhe 
I and Sma I. 

[00036] The numbering above is based on our identification of the TSP through the use of 5' 
rapid amplification of cDNA ends (RACE) reactions. We utilized the SMART RACE cDNA 
amplification kit (Clontech, Palo Alto, CA) for this purpose. MMLV reverse transcriptase, upon 
reaching the end of an RNA template, exhibits terminal transferase activity, adding 3-5 dC's at 
the 3' end of the first-strand cDNA. The Clontech RACE kit utilizes this additional sequence to 
attach a common oligo (SMART A oligo) to the 5' end of an mRNA during the second-strand 
cDNA synthesis reaction. Using the cDNA from this reaction, the SMART A oligo, and a 
reverse primer specific to known sequence of CRF-BP mRNA 

(CACCCTCGCGCAGACTGAGAGC (SEQ ID NO:2); position +65 at 5' end), a PCR reaction 
was performed. The product of this reaction should yield the full 5' length of the CRF-BP 
mRNA. 

[00037] By sequencing this product, we were able to define the 5* end of the CRF-BP mRNA. 
This is denoted as the TSP in Fig. 1 (SEQ ID NO:l) and is designated as position +1. The CRF- 
BP promoter sequence comprises the genomic DNA sequence upstream of this TSP. All 
constructs used in the transfection experiments are numbered relative to the TSP. 

Production of transfected cell lines 

[00038] The above constructs containing the human CRF-BP promoter fragments placed 
upstream of the firefly luciferase gene can be used to transfect immortalized cell lines. The 
constructs were transfected into CHO-K1 cells using Lipofectamine 2000 (Invitrogen Life 
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Technologies). Primary cultures of the central nervous system, as well as additional 
immortalized cell lines, are also appropriate for these transfections. To control for transfection 
efficiency, the cells can be co-transfected with the pRL-TK vector (Promega, Madison, WI). The 
pRL-TK vector contains the Renilla luciferase gene downstream of the herpes simplex virus 
thymidine kinase promoter, a promoter which provides low to moderate levels of expression. 
Cell lysates can be assayed for total protein using the BCA assay (Pierce, Rockford, IL) to 
standardize for the protein extraction. The level of reporter gene expression from a standardized 
amount of cell extract can be quantified by measuring luciferase activity using a luminometer 
(Berthold Life Science, Bundoora, AU) and the dual-luciferase reporter assay system (Promega, 
Madison, WI). Firefly luciferase activity reflects CRF-BP promoter activity and Renilla 
luciferase activity can be used to normalize data between experiments. 

Characterization of basal expression from CRF-BP promoter fragments 

[00039] Using the methods described above, transient transfections of CHO-K1 cultures were 
assayed for reporter gene expression (See Fig. 2). In these experiments, two basic controls were 
utilized. The cultures referred to as "pGL3 basic" were transfected with a pGL3 firefly luciferase 
reporter construct that did not contain an experimental promoter, and with the pRL-TK renilla 
luciferase vector. These cultures should demonstrate a very low level of expression (background 
levels) and may be considered negative controls. The cultures referred to as "unrelated" were 
transfected with a construct containing 1916 bp of DNA sequence upstream of the firefly reporter 
gene and with the pRL-TK renilla luciferase vector. The 1916 bp of this construct were a 
random DNA sequence (Unrelated). These cultures were intended to demonstrate the specificity 
of our promoter constructs. 

[00040] Analysis of the data by one-way ANOVA indicated a highly significant finding 
(PO.0001; F=2968, R 2 =0.9969). When P value was set less than 0.01, post-hoc analysis 
(Newman-Keuls multiple comparison test) indicated that the -4917,-2971, -1889, -1386, -381 and 
-208 promoter fragments exhibit significantly increased expression compared with the pGL3- 
basic vector. Levels of expression were generally very low, and these results suggested strong 
negative regulatory control on the CRF-BP promoter. Nonetheless, our highest levels of 
expression were 356% greater than the promoterless levels of expression (pGL3-basic), and our 
lowest levels of expression were 17% greater than promoterless levels. In addition, the unrelated 
DNA sequence was unable to drive expression (33% lower expression than pGL3 -basic). 
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Therefore, the CRF-BP promoter fragments functioned and they are appropriate tools to monitor 
CRF-BP specific transcription. 

[00041] Current understanding of the CRF-BP gene indicates that elevating intracellular 
cAMP levels should increase expression of the CRF-BP gene (Cortright, et al., 1997). Therefore, 
we treated transfected cultures with 10 jxM forskolin, a compound known to increase intracellular 
cAMP, and measured expression from the CRF-BP promoter fragments (See Fig. 3). 
Isobutylmethylxanthine (IBMX) was included during the treatment at 0.25 mM to prevent cAMP 
degradation. Analysis of the data by one-way ANOVA indicated a highly significant finding 
(PO.0001; F=263.1, R 2 =0.9741). Post-hoc analysis (Newman-Keuls multiple comparison test) 
indicated that all examined promoter fragments had significantly increased expression compared 
with the pGL3 basic vector (-1889 and -381 PO.001; -4402 PO.05). Furthermore, expression 
from cultures treated with forskolin was significantly greater than expression from cultures 
transfected with the identical promoter fragment that received the vehicle (PO.001 for all cases). 
These findings provided further evidence that the CRF-BP promoter fragments would be 
appropriate tools to monitor inducible CRF-BP specific transcription. 

[00042] Although the invention has been described in connection with specific embodiments, 
it is understood that the invention is not limited to such specific embodiments but encompasses 
all such modifications and variations apparent to a skilled artisan that fall within the scope of the 
appended claims. 
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